Synopsis Here we describe our use of cells with nm scale thickness ('nanocells') to investigate inter-atomic, atomlight and atom-surface interactions. Such cells allow us to access high density regimes previously unexplored in vapour cell spectroscopy, and to probe the interaction of atoms within the near field of surfaces, where atoms interact with their own virtual image. We also discuss the future fabrication of such cells in Durham.
Spectroscopy of alkali vapour cells is a well established and long lived field of physics [1, 2] which still offers new and exciting discoveries; providing a medium to probe fundamental properties of atomic interactions, such as the cooperative Lamb shift [3] , superluminal propagation [4] and atom-surface interactions [5] .
In order to probe such media, we use nm scale sapphire vapour cells ('nanocells') with a thickness ranging from 2 µm to 40 nm. By tuning the temperature, we can move through over 6 orders of magnitude in density (up to 10 17 cm −3 ), enabling us to investigate dipole-dipole interactions at small atomic separation. Furthermore, spectra from nanocells have greatly reduced linewidths [2] , resulting in single-beam spectroscopy with individually resolved hyperfine lines and huge negative group refractive indices reaching up to -2.4×10 5 , resulting in superluminal pulse propagation [4] .
We have also exploited the tight atomic confinement to investigate the interaction of atoms with their virtual images in nearby surfaces. The van der Waal atom-surface (AS) force induces a shift of the atomic transitions, resulting in a characteristic asymmetric line-shape. We detect off-axis scattered light using single photon counting modules to measure absorption spectra from nanocells over the thickness range 40-250 nm. We fit these absorption spectra using a model of the vapours susceptibility to extract information about the AS interaction. A plot comparing experimental data (black line) and fit (red line) for cell length =38 nm shown in Fig. 1 (a) . As a result, we have confirmed the form the AS interaction takes over these length scales [5] .
Fabrication of our own nanocells will allow us to customize the cell interior, affecting how the atoms interact with each other and the cell walls. Our approach uses optical contacting of quartz plates, one etched with a region 500 nm thick. After heat treatment a permanent hermetic bond is formed that has almost 100% transmission with none of the common problems associated with glued cells, e.g. outgassing and expansion under thermal stresses. An example of a cell produced with this process is shown in Fig. 1 (b) . 
